We investigated the postnatal development of L-type Ca2' current (LCa) in enzymatically isolated adult (AD) and newborn (NB) (1-3-day-old) rabbit ventricular cells using the whole-cell, patch-clamp method. lca was recorded with Cs+-rich pipettes and a Na+and K'-free bath solution at 36°C to eliminate other currents. lCa density (obtained by normalizing lCa to the cell capacitance) was significantly higher in AD cells than in NB cells at potential levels between 0 and +50 mV with 1.8 mM Ca2+ as the charge carrier. There was no shift in the current-voltage relation between AD and NB cells. The maximum ICa density was 9.9±2.0 pA/pF at 14±5 mV in AD cells (n=11) compared with 5.6±2.0 pA/pF at 13±5 mV in NB cells (n=7) (mean±SD). Time to half inactivation (T112) showed a nearly U-shaped relation to membrane potentials from -10 to +30 mV with the shortest T112 at the potential giving the maximum Ilc density in both groups. T112 at 0 and +10 mV was slightly but significantly longer in NB cells (16.8±4.6 and 13.5±2.4 msec, respectively) than in AD cells (12.6±3.0 and 10.6+1.5 msec). Replacement of Ca2' with equimolar Ba2+ caused a shift in the current-voltage relation of about 10 mV in the negative direction in both groups and an increase in current density with the maximum Ba2`current density of 18.1±8.1 pA/pF at 1±6 mV for AD (n=8) and 8.6± 1.5 pA/pF at -2±4 mV for NB cells (n=5). Ba2+ also caused a prominent prolongation of T12 in both groups, with a shortening of T112 as test potential increased from -10 to +30 mV, suggesting that the inactivation for the Ba2+ current is mainly dependent on voltage. The voltage dependency of T12 was not different between the two groups. Along with the result of TV2 for the Ba2+ current, there was no difference in the steady-state inactivation of Ic, for AD versus NB cells, suggesting that the shorter T112 for AD cells is mainly due to the increase in a Ca2+-dependent component of lCa inactivation because of its higher lCi, density. The steady-state voltage dependence of activation of lCa was also the same for AD versus NB cells. Lowering temperature from 36°C to room temperature caused a decrease in lCa both in AD and NB cells by about 40%, but the AD/NB Ilc ratios were very similar at the two temperatures: the ratio was 1.77 at 36°C and 1.94 at room temperature. A similar AD/NB Ic, ratio was obtained at room temperature with 130 mM NaCI in the external solution. We conclude that L-tpe lCa density (pA/pF) in rabbit ventricular cells increases after the postnatal period without changing the voltage-dependent activation and inactivation properties. (Circution Research 1991;68:788-796) V oltage-dependent Ca2' channels play an important role in both the generation of action potentials and in the excitation-contraction coupling in cardiac muscle as well as in other excitable tissues. Ca2' channel density in cardiac muscle, based on binding studies with [3H]nitrendipine, has been shown to be low at the fetal stage and to increase drastically during the first week after birth;
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[3H]nitrendipine binding increased more than threefold during the first week of postnatal life and remained constant at the later stage in rat cardiac muscle. A similar rapid increase in Bm,, for [3H]nitrendipine binding was reported in the chick heart during the first week after hatching.23 A study on rabbit ventricular tissue found no difference in Bm., for [3H]nitrendipine binding between 2-3-week-old rabbits and adult (AD) rabbits. 4 The Ca21 channels in cardiac tissue are composed of two components.5 The currents through these two channels are distinguishable by their activation and inactivation voltage ranges and kinetics and by their pharmacological sensitivities. One type of Ca24 cur-rent (ICa) is a slowly inactivating, high-threshold current, referred to as L-type, that is activated in the range positive to -30 mV. 6 The second type is a transient current, referred to as T-type, that can be activated by depolarizations to potentials positive to -70 mV.7-13 Since dihydropyridine derivatives such as nitrendipine have much higher affinity to the L-type than to the T-type channels,'4 the postnatal increase in Bm. for [3H]nitrendipine binding is considered to be mainly due to the increase in the density of L-type channels.
There has been only one report'5 on the mammalian postnatal development of L-type cardiac ICa, based on whole-cell voltage-clamp experiments; the results of that study are not consistent with the results from the ['H]nitrendipine binding studies.1-4 Cohen and Lederer15 studied rat ventricular cells, comparing freshly dissociated cells of AD rats with the cells of newborn (NB) rats in tissue culture. The NB cells had a significantly higher L-type ICa density (expressed as current per membrane area) and showed a prolonged time course of inactivation with a significant steady-state 'Ca at potential levels between -20 and +20 mV. In addition, in AD cells, but not NB cells, sarcoplasmic reticulum (SR) inhibitory agents, ryanodine or caffeine, increased the peak Ica and produced a large noninactivating component, suggesting that the maturation of intracellular Ca24 regulatory properties of SR during the postnatal period, as previously described,16-'9 could modify the postnatal development of L-type Ilc. The results of Cohen and Lederer also appear inconsistent with the data on postnatal development of 'Ca in rat skeletal muscle20,21 and aortic smooth muscle,22 which showed that in embryonic and NB cells there was a preponderance of a current with a lower threshold and faster kinetics termed Ifst that roughly corresponds to the cardiac T-type current; these data20-22 also showed that a slowly inactivating, high-voltage threshold current termed Islow that roughly corresponds to the cardiac L-type current becomes predominant in the adult cells.
Relating the results of the binding studies to the L-type ICa density is complicated by the fact that significant developmental differences have been shown in the cell shape, dimensions, and the surface/ volume ratio for rabbit heart cells23: the NB cell is smaller in dimension and has a surface/volume ratio two to three times as great as the AD cells. In addition, the nitrendipine binding sites are not necessarily the same as physiologically functioning Ca24 channels.3 Further studies based on voltage-clamp experiments are required to get a better understanding of development of L-type ICa during the mammalian postnatal period.
Our primary goal in this study was to measure the time course and magnitude of 'Ca density through L-type Ca24 channels in freshly isolated AD and NB (1-3 day-old) rabbit ventricular cells under nearly identical experimental conditions. Our second goal was to study the current through these channels using Ba2`ions as the charge carrier in order to examine the differences in magnitude and time course when the effects of accumulation of Ca2' ions inside the cell were eliminated.
Materials and Methods Cell Preparation
New Zealand White AD (2-3-kg) and NB (1-3day-old) rabbits of either sex were used in the experiments. AD rabbits were first heparinized (1,000 units i.v.) and anesthetized with sodium pentobarbital (50 mg/kg i.v.). For NB rabbits, the same drugs were given intraperitoneally. Hearts were rapidly removed via thoracotomy with artificial ventilation, and the aorta was cannulated. Single ventricular cells were obtained from the AD and NB hearts by a modification of an enzymatic method. [24] [25] [26] In brief, the heart was mounted on a Langendorff apparatus and perfused with oxygenated, nominally Ca2`-free solution at a rate of 3-4 ml/g/min for 4 minutes at 36°C. Then, the heart was perfused with the same solution containing 0.14 mg/ml collagenase (Type I, Sigma Chemical Co., St. Louis) and 0.07 mg/ml protease (Type XIV, Sigma). After 5-7 minutes of the enzyme treatment, the heart was perfused with a storage solution for 7-10 minutes at room temperature. The ventricle was cut into small pieces and triturated in the storage solution. The isolated cells were stored in the storage solution at 4°C.
Solutions
The compositions of solutions used were as follows (mM): normal Tyrode's solution: NaCl 148.8, KCl 4.0, CaCl2 1.8, MgCl2 0.53, NaH2PO4 0.33, HEPES 5.0, and glucose 5.0, pH 7.4 with NaOH; Ca24-free solution: NaCl 100, KCl 10, KH2PO4 1.2, MgSO4 5, taurine 50, glucose 20, and HEPES 10, pH 7.2 with KOH; storage solution: potassium glutamate 140, MgC12 5, EGTA 1, glucose 10, and HEPES 10, pH 7.4 with KOH; Na+-and K'-free solution (test solution): N-methyl-D-glucamine (NMG) chloride 130, CaCl2 or BaCl2 1.8, CsCl 20, MgCl2 0.53, HEPES 5, glucose 5, tetrodotoxin 0.005-0.02 (Sigma), pH 7.4 with NMG; and pipette solution: CsOH 110, aspartic acid 90, CsCl 20, HEPES 5, EGTA 10, MgATP 5, sodium creatine phosphate 5, and GTP(Tris) 0.4, pH 7.2 with CsOH. Nifedipine (Sigma) was prepared as a 5-mM stock solution dissolved in anhydrous ethanol and was diluted in the extracellular solution for each experiment.
Most of the experiments were performed with the Cs+-rich pipette and the Na+-and K'-free bath solution (NMG solution) to isolate currents through Ca24 channels, under conditions in which Na+ current, all the K' currents, and electrogenic Na+-Ca21 exchange current were eliminated. Ca24-activated currents were suppressed by EGTA in the pipette solution. Possible Ca24 current through Na4 channels was also excluded by applying tetrodotoxin. The solution in the experimental chamber was perfused at Figure 7 , which was performed at room temperature. Some experiments were also carried out at room temperature in the presence of 130 mM NaCl instead of NMG chloride to check for the influence of the presence and absence of external Na+ on Ca2' currents.
Voltage-Clamp Experiments
Voltage-clamp experiments were performed in the whole-cell configuration with the patch-clamp meth-od27 by use of an Axopatch-1B patch-clamp amplifier (Axon Instruments, Foster City, Calif.). Pipettes were pulled from borosilicate glass and, after firepolishing, had a resistance of 1.0-2.0 Mfl when filled with the pipette solution. A tight seal (3-5 GfQ) was established in normal Tyrode's solution. Liquid junctional potential between the pipette and the bath solutions was always corrected before the seal formation. After breaking the membrane by applying a quick suction to the pipette, the external solution was changed to the Na+-and K'-free test solution. For the complete change in the bath solution, 1.5 to 2.0 minutes were required. A series of test steps of 160-320 msec was applied from a holding potential (Vh) of -45 mV with an interval of 5 seconds between voltage steps to obtain the current-voltage (I-V) relations. The Vh was chosen to inactivate possible T-type Ca21 channels. In some experiments, we used a Vh of -80 mV to test for an additional contribution from the T-type currents. To determine the steady-state inactivation of 1Ca, conditioning prepulses of 1 second were applied from a Vh of -45 mV to steps from -60 mV to +10 mV (in 10-mV steps), followed by a 1-msec pulse to -45 mV and a 160msec test pulse to 0 or + 10 mV. The 1Cas elicited were filtered at a corner frequency of 2 KHz, digitized at 50-200-,usec intervals, and stored and analyzed on an IBM PC-AT computer with pCLAMP software (Axon Instruments). Membrane capacitance was measured using the calibrated capacity compensation circuit of the Axopatch voltage clamp with a 10-mV hyperpolarizing voltage step from -80 FIGURE 1. Ca2+ current recordings from an adult (left panel) and a newborn (right panel) rabbit ventricular cell elicited by depolarizing voltage steps from a holding potential of -45 mV to membrane potentials indicated near each current tracing, with 1.8 mM Ca2+ as the charge carrier. Ordinate represents current density obtained by nornalizing the current to the membrane capacitance. Vertical bars indicate the actual scale of the current. The current density is higher in the adult than in the newbom cell at each potential. Membrane capacitance of the adult and the newbom cell was 42.5 and 15.5 pF, respectively. mV. A comparison was made between this method and a conventional method of integrating the area beneath the capacitative transient and dividing that by the voltage step. The compensation dial reading gave values of 64.3+±14.3 pF (mean±SD) for AD cells (n=7) and 17.1+3.4 pF for NB cells (n=8) compared with 63.6±+14.2 and 17.4±3.7 pF for AD and NB cells, respectively, obtained from the integration method. Ventricular cells with a membrane capacitance less than 100 pF were used for the experiments. Current recordings included in this paper were obtained at 3-7 minutes after breaking the membrane.
Statistical significance was determined by Student's t test for unpaired data. A value ofp<0.05 was regarded as significant. Data are presented as mean+±SD in the text unless otherwise stated. Error bars in figures represent the standard error of the mean (SEM). Figure 1 shows representative current recordings through L-type Ca2' channels from an AD and an NB rabbit ventricular cell with 1.8 mM Ca2' as the permeable divalent cation in the bath solution. A series of depolarization steps was applied with a 10-mV increment from a Vh of -45 mV. Because the cell capacitance was significantly greater in AD cells than in NB cells, we expressed the vertical axis as current density by normalizing the current to the cell capacitance for each cell to eliminate the effect of cell surface area. 1CaS were activated at potentials positive to -30 mV and reached a maximum at +10 mV in both cells. The maximum ICa in the AD cell reached its peak in about 5 msec and inactivated quickly to the quasi-steady state by the end of the 160-msec pulse. Although similar activation and inactivation time courses were observed in the maximum Ica in the NB cell, the current density was obviously lower than that in the AD cell.
Results

Current-Voltage Relation
L-type 'Ca in cardiac cells as well as in other cells
has been shown to decrease after the start of internal dialysis. The phenomenon called rundown or washout is caused, at least in part, by the diffusion into the pipette solution of soluble cytoplasmic constituents. 28, 29 Because of the smaller size of NB cells, the time course of rundown in NB cells may be faster than that in AD cells, and that difference could modify the results. To check this possibility, we repeated the same procedure every 1.5 minutes in the same cells shown in Figure 1 . We measured the peak 'Ca elicited by a test pulse to + 10 mV in each cell against the time after breaking the membrane patch under the tip of the pipette. The ICa in both cells showed a very slight rundown with a similar time course at least during the first 10 minutes, suggesting that the lower 'Ca density for the NB cell was not due to the faster time course of rundown. Current tracings recorded from different cells with Ba2' as the charge carrier (IBa) are presented in Figure 2 . Although 'Ba showed an obviously prolonged time course of activation and inactivation compared with ICa, the maximum IBa elicited by a test pulse to 0 mV had higher density in the AD cell than that in the NB cell as in the case of lc. Figure 3 shows the averaged I-V relation, obtained from a Vh of -45 mV, for 11 AD and seven NB cells with Ca21 (left panel) and for eight AD and five NB cells with Ba21 (right panel) as the charge carrier. The Ica density in AD cells was significantly higher than that in NB cells at potential levels between 0 and +50 mV. There was no shift in the I-V relation between AD and NB cells. Change in the Vh from -45 to -80 mV did not cause any changes in the recorded currents and the I-V relation in AD (n=5) and NB (n=2) cells; these findings are in agreement with the reports by Gonzales-Rudo et al,30 who reported that rabbit ventricular cells have little or no T-type 1Ca. When Ba2+ ions were the charge carrier, the I-V relation was shifted approximately 10 mV in the negative direction in both groups. Similar to lc, the 'Ba density was significantly higher for AD than for NB cells at potential levels between 0 and +40 mV. Table 1 summarizes the results obtained at the test potential giving the maximum current density (Vpeak). In 1.8 mM Ca2+ the averaged maximum current den- sity for AD cells was higher than that for NB cells by a factor of 1.77. Replacement of Ca2' with Ba2c aused a significant increase in the current density in AD cells by a factor of 1.83. The increase was less (a factor of 1.54) in NB cells. The AD/NB maximum current density ratio was increased from 1.77 in 1.8 mM Ca2' to 2.11 in 1.8 mM Ba2+. Vp,e, and time to peak current (TTP) were not significantly different between AD and NB cells for both lc, and hBa.
Current Decay Time Course
Because Ca2+ current inactivation is not always well described by one or two exponential processes,7,31,32 we chose to quantify the global kinetics of 'Ca and IBa inactivation by the time to half inactivation (T1/2), that is, the time needed to decay from the peak to 50% of maximum amplitude. The results 21 and Ba 2+ current density was determined as the difference between the inward peak and the holding current. Data points are mean values; vertical bars, representing the standard error of the mean, are shown when they are larger than the symbols. The holding potential was -45 mV *Significant difference between adult and newbom cells at p<0.05. are shown in Figure 4 . In 1.8 mM Ca2', T1/2 showed a nearly U-shaped relation to membrane potential in AD cells, suggesting the joint dependence of ICa inactivation on membrane potential and intracellular Ca2' as previously reported.3334 The test potential that gave the shortest T112 corresponded to Vpak in nine of 11 cells. Although the U-shaped relation was less obvious in NB cells, the shortest T1/2 was still observed at VpA in five of seven cells. T1/2 at potentials of 0 and 10 mV was significantly longer in NB (16.8±4.6 and 13.5+2.4 msec, respectively) than in AD cells (12.6+3.0 and 10.6±+1.4 msec, respectively).
In Figure 5 , we have plotted T1/2, at a test potential of 10 mV with Ca2' as the charge carrier in both AD and NB groups, against the current density. There was a tendency for a negative correlation between T112 and the Ic, density, suggesting that the shorter T112 observed in AD cells could be partly attributed to the greater contribution of Ca2+-dependent components to Ica inactivation in the AD cell because of its ). Time to half (T1,2) inactivation, the time necessary for the current to decrease from the peak to 50% of its maximum amplitude, is plotted against membrane potential. Data points are mean values; vertical bars, representing the standard error ofthe mean, are shown when they are larger than the symbols.
The holding potential was -45 mV *Significant difference between adult and newborn cells at p<O.05.
higher Ica density. The line in the figure is a linear least-squares fit with a slope of -0.67+0.12 msec/ (pA/pF); the slope value is given as mean±SEM.
When Ba2`ions were the charge carrier (Figure 4 , right panel), the inactivation was prolonged prominently at all potentials examined (see also Figure 2 ).
T112 shortened almost linearly as test potential was
increased from -10 to +30 mV in both groups, reflecting that 'Ba inactivation is more dependent on the voltage. 34, 35 The voltage dependence of T1,2 was not different between the two groups.
Steady-State Inactivation and Activation
To compare further the voltage-dependent properties of 'Ca in AD and NB cells, the steady-state inactivation and activation were examined. To obtain the steady-state inactivation curve, a conventional two-pulse protocol was used as described in "Materials and Methods." The current elicited by the test pulse was expressed as a fraction of the maximum current from a prepulse hyperpolarized to -60 mV. Figure 6 , upper panel, shows the averaged normalized data plotted against the prepulse potentials for AD and NB cells. The continuous curves in the figure 20 ter, Vm is membrane voltage, V05 is the half-maximum inactivation potential, and s is the slope factor, which determines the steepness of the curve. For AD cells, V0.5 was -20.5 mV and s was 4.9 mV. For NB cells V05 and s were -21.5 and 4.2 mV, respectively. The two inactivation curves were nearly identical, which suggested that there was no change in the kinetics of voltage-dependent inactivation in both groups, consistent with the data on T1/2 for 1Ba.
Voltage dependence of Ica activation was estimated from the peak conductance according to Isenberg and Klockner36 as GCa=ICa(Vm-Vrev) din{V) = Gca/GCa,max where GCa is the peak conductance, ICa is the peak Ca2+ current, Vrev is the apparent reversal potential of the Ca2+ current, dmnf(V) is the steady-state activation parameter, and GCamax is the maximum value of GCa. Vrev was measured as the zero-current potential in the I-V relation. The activation parameters so calculated are plotted in the lower panel of Figure 6 . Fit of the averaged normalized data points with a Boltzmann distribution of the form diflf(V) = 1/{1 + exp[(Vo.5-Vm)/S]} gave Vo. and s values of 0.3 and 5.4 mV for AD cells and 1.0 and 6.4 mV for NB cells. Again, these two curves were nearly identical.
Effects of Lowered Temperature and Inclusion of External Sodium and Nifedipine
All of the results presented above were obtained at 36°C with complete replacement of external sodium with NMG. Since the NB cells have much lower volume than the AD cells, the peak ICa may be more affected in NB cells than in AD cells by 1) early rundown of ICa in NB cells at the physiological temperature or 2) increased internal concentration of calcium by lack of external sodium. To rule out these differences as the cause of the lower 'Ca in NB compared with AD cells, we have also compared the amplitude of AD and NB Icas at room temperature, with or without the use of NMG to replace sodium. Figure 7 shows current recordings and I-V relations obtained in the NMG solution at room temperature. Lowered temperature caused a decrease in Ic, amplitude as well as the prolongation of the time course of activation and inactivation without changing the I-V relation in both cells. In the NMG solution, peak 'Ca measured at room temperature for a test potential of +15 mV was 6.2± 1.2 pA/pF for AD (n=8) and 3.2±1.0 pA/pF for NB (n=14). Thus, both AD and NB ICaS were lower at room temperature than at 36°C by about 40%, but the ratios of AD/NB ICa were very similar at the two temperatures: the AD/NB ratio was 1.77 at 36°C and 1.94 at room temperature. We also did measurements of 1Ca for AD and NB cells in which we used 130 mM NaCl in the external solution at room temperature; we found the AD/NB ratio of ICa to be 1.81 (n=11 for AD cells, n=6 for NB cells), which is very similar to that obtained with sodium replacement by NMG.
We measured Ic, and IBa as the difference between the inward peak and the holding current. If there remains significant background leak current, that would lead to an underestimate of the true values of the peak ICa, To clarify the extent of the background leak current in the NMG solution, we blocked Ica by applying 10 /LM nifedipine, an organic calcium channel blocker, as shown in Figure 7 . The application of nifedipine completely blocked ICa both in the AD and in the NB cell, leaving time-independent currents that increased almost linearly in the voltage range between -60 and +60 mV. The amplitude of the outward leak current at +15 mV was less than 10% of that of the peak Ica in both cells. 
Discussion
The present study was focused on the postnatal development of L-type Ic, in rabbit ventricular cells. Our results showed that L-type ICa density increased after birth without changing the steady-state activation and inactivation kinetics in rabbit ventricular cells. The results are quite consistent with the [3H]nitrendipine binding study in rat cardiac muscle by Kazazoglou et al. 1 They showed that the number of calcium channels identified as Bmax for [3H]nitrendipine binding, which is not necessarily the same as functional calcium channels, increased rapidly after birth and reached a steady-state value in 7-9 days without changing the dissociation constant (Kd). A similar increase in Bmax without changing Kd for [3H]nitrendipine binding was reported in developing chick heart in ovo and during the first week after hatching.2, 3 Boucek et a14 found no difference in Bma or Kd for [3H]nitrendipine binding between immature (2-3-week-old) and adult rabbit ventricular tissue, suggesting that the similar rapid increase in Ca21 channel density should also occur in rabbit heart after birth. The observed increase in L-type ICa density in rabbit ventricular cells may be mainly attributed to an increase in the number of functional L-type Ca21 channels during the postnatal period. In skeletal muscle, it has been suggested that the increase in the [3H]nitrendipine binding sites closely follows the appearance and the differentiation of the transverse tubule (T-tubule) and SR systems. ' Cohen and Lederer15 reported that for rat ventricular cells, NB cells, compared with AD cells, had a significantly higher Ilc density and showed a prolonged time course of inactivation with a significant steady-state current at potential levels between -20 and +20 mV. The steady-state inactivation curve was shifted in a positive direction along the voltage axis for the NB cells, whereas the activation parameters showed no voltage shift, resulting in a greater overlap of the inactivation and activation curves in NB cells. In addition, the higher current density with the slower decay time course and the positive shift of inactivation curve, which were normally seen in the NB cells, could be produced in the AD cells by applying SR inhibitory agents, ryanodine or caffeine, whereas those agents had no effect on ICa for NB cells. The result of the drug experiments led Cohen and Lederer to conclude that the observed changes in ICa were mainly attributed to the development of the SR during the postnatal period rather than the changes in the kinetics of ICa itself. Their results are quite different from ours in terms of the higher ICa density for NB cells and the change in the steadystate inactivation kinetics. The discrepancy concerning the current density may be explained, at least in part, by assuming the difference in the contribution of SR to ICa inactivation in these species.
During early cardiac development, cardiac contraction is more dependent on transsarcolemmal Ca2' influx, and along with the maturation of SR, the release of calcium from the SR starts to have a more important role in the contractility.16-19 However, the relative contribution of SR Ca2' release to the contractility even in adult hearts varies in different species.37-39 According to the study by Bers,38 the relative contribution of SR Ca2' release to the tension development in ventricular muscle is as follows: rat>dog>cat>guinea pig>rabbit>fetal>frog.
It is suggested from this result that the contribution of SR Ca'+ as the major source for the phasic increase in intracellular Ca2' concentration preceding the tension development, which possibly causes the Ic, inactivation through a Ca2'-dependent Ca2' channel inactivation mechanism,33,34 also decreases in the same order. This assumption can be supported by the different effects of ryanodine on AD ventric- showing the negative correlation between T1/2 and ICa density in AD and NB cells with no relation to the presence or absence of SR. In the work of Cohen and Lederer,15 the 'Ca density for rat NB cells was still not lower than that for the AD cells even under the conditions in which the SR function was completely suppressed. Since the NB cells (but not the AD cells) were used after being in tissue culture for several days, it is possible that the number of Ca2`channels may have increased to the AD value during that period.1,2
We substituted Ba21 ions for Ca2`ions to minimize the influence of calcium-dependent ICa inactivation. Replacement of Ca2' and Ba24 caused an increase in the current density by a factor of 1.8 and 1.5 for AD and NB cells, respectively, with a marked prolongation of T1,2. It also caused a shift of the I-V curve approximately 10 mV in the negative direction in both groups. Such changes are all in agreement with previous reports.6,35 With Ba24 as the charge carrier, T1/2 shortened almost linearly as test potential increased in both groups, reflecting that IBa inactivation is mainly controlled by voltage.34'35 The voltage dependency of T112 was not different between AD and NB cells. Along with the result for the steady-state activation and inactivation curves, this result confirms that voltage-dependent properties of L-type 'Ca are not different between AD and NB rabbit ventricular cells. The ratio of maximum current density for AD and NB cells increased from 1.8 with Ca24 to 2.1 with Ba24 as the charge carrier. The increase may reflect the greater inactivation of ICa for AD cells because of its higher current density.
The lower values for the current density through L-type Ca24 channels in NB compared with AD rabbit cells may also be related to the developmental changes in the ultrastructural aspects of the cells.
Stereological measurements of cellular surface/volume ratio in rabbit ventricular cells23 showed a nearly constant value from 1 week before birth (1.01 ,um-') to 1 week after birth (1.05 ,im-1), a substantial decrease at 2 weeks after birth (0.8 ,um-'), and a further decrease to 0.3 ,m-l in AD cells. The additional effect of the T-tubular membrane was negligible except for AD cells, in which the cellular surface/volume ratio (including the T-tubule membrane as an additional surface component) was 0.47 gm-'. Thus, the cellular surface/volume ratio is two to three times greater in NB than in AD rabbit ventricular cells. If one then compares the effect of a given ICa density (mA/cm2) for AD versus NB cells in terms of a resulting increase in intracellular Ca2c oncentration (assuming complete mixing of the additional Ca24 into the cytoplasm), then one might predict that the amount of the phasic increase in intracellular Ca2+ concentration would be two to three times greater in the NB cell than in the AD cell. Conversely, if the actual current density were two to three times less in NB than in AD cells, then the resulting phasic increases in intracellular Ca2+ concentration would become equal for AD and NB cells. Thus, the lower 'Ca density in the NB cells may be an appropriate adaptation to the smaller NB cell size and higher NB cellular surface/volume ratio.
